A novel bacterial strain, A3
The genus Colwellia was described by Deming et al. [1] and, at the time of writing, comprises 18 species with validly published names. Members of the genus Colwellia have been isolated from several marine environments such as seawater, sediment and marine animals such as mussels, amphipods and starfish (e.g. [1] [2] [3] [4] [5] ). Most Colwellia species have been described to be psychrophilic (C. demingiae ACAM 459 T [2] , C. hornerae IC035 T [2] , C. marinimaniae MTCD1 T [4] , C. maris ABE-1 T [6] , C. piezophila Y223G T [7] , C. psychrerythraea ATCC 27364 T and C. rossensis S51-W(gv)1 T [2] ) or psychrotrophic/mesophilic (C. aestuarii SMK-10 T [8] , C. agarivorans QM50 T [9] , C. aquaemaris S1 T [10] , C. arctica 435
T [11] , C. asteriadis KMD 002 T [5] , C. chukchiensis BCw111 T [12] , C. meonggei MA1-3 T [13] , C. mytili RA2-7 T [3] , C. polaris 537 T [14] , C. psychrotropica ACAM 179 T [2] and C. sediminilitoris YSM-23 T [15] ). Two reports describe agarolytic activities in Colwellia isolates [9, 16] , but so far no reports describe degradation of k-carrageenan and other algal polysaccharides.
Strain A3
T was isolated during screening of enzyme-producing bacteria from intestines of sea urchin. A sea urchin, Strongylocentrotus droebachiensis, was collected in Øresund off the coast of Helgingør, Denmark. The intestine was isolated, and bacteria from the intestine were cultivated in marine broth 2216 (MB; Difco) and on plates containing MB and 15 g agar l À1 (MA). Strain A3 T was isolated from MA plates based on the ability to produce pits in the solid agar medium. The aim of this work was to determine the taxonomic position of strain A3
T by using phenotypic, chemotaxonomic and phylogenetic approaches.
Growth at various temperatures (5, 10, 15, 20, 25, 30 and 37 C) was assessed on MA after 5 days of incubation. The pH range for growth was determined on MA buffered to pH 4-5 (acetate buffer), pH 6 (phosphate buffer), pH 7-8 (TrisHCl buffer) and pH 9 (CHES buffer) at 20 C after 5 days. Sodium ion requirement and salt tolerance was assessed in API AUX medium (bioM erieux) supplemented with NaCl (0, 1, 2, 3, 4, 5, 6, 8 or 9 %, w/v) and glucose (5 g l
À1

) after
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10 days of incubation at 20 C. Anaerobic growth was determined after 10 days of incubation on MA at 20 C in an anaerobic jar containing Anaerocult A (Merck) to produce anaerobic conditions. Cell morphology and the presence of flagellum was determined using transmission electron microscopy of negatively stained cells [17] . The Gram Stain Set S kit (BD Difco) and the Ryu non-staining KOH method [18] were used for testing the Gram reaction. Phenotypic characterizations included oxidase activity (BBL Dryslide Oxidase kit; BD) and catalase activity (H 2 O 2 addition). Other enzymatic activities were determined by cultivation on MA supplemented with 0.06 % (w/v) azurin cross-linked (AZCL) substrates, namely AZCL-amylose, -arabinan, -casein, -rhamnogalacturonan, -galactomannan, -xylan and -cellulose (Megazymes). Carrageenase activity was determined on MB plates solidified with k-carrageenan or i-carrageenan (1 %, w/v; Sigma). All plates were incubated at 20 C for 1-2 weeks. Susceptibility to tetracycline, streptomycin, gentamycin, kanamycin, ampicillin, penicillin G, chloramphenicol and tobramycin was investigated on MA plates using MIC test strips (Liofilchem) according to the instructions of the manufacturer. Additional growth physiological characterizations were performed using API 20 NE and API ZYM strips according to the instructions of the manufacturer (bio-M erieux) except that cell suspensions were made in 3 % sea salts (Sigma-Aldrich) or in API AUX medium adjusted to 3 % sea salts. Whole-cell fatty acids were extracted from cells cultivated on MA at 20 C. Analyses of respiratory quinones, polar lipids and fatty acids were carried out by the Identification Service of the DSMZ. Fatty acids were subjected to saponification, methylation and extraction using minor modifications of the methods of Miller [20] and Kuykendall et al. [21] . The fatty acid methyl ester mixtures were separated using the Sherlock Microbial Identification System (MIS) (MIDI; Microbial ID) and peaks were automatically integrated and fatty acid names and percentages were determined by the MIS Standard Software (Microbial ID). Respiratory lipoquinones were separated into their different classes (menaquinones, ubiquinones, etc.) by TLC on silica gel. Polar lipids were separated by two-dimensional silica gel TLC. The first direction was developed in chloroform/methanol/water (65 : 25 : 4, by vol.), and the second in chloroform/methanol/acetic acid/water (80 : 12 : 15 : 4, by vol.) [22] . Genomic DNA was isolated from cells using the Gentra Puregene Yeast/Bact kit (Qiagen). Whole genome sequencing of strain A3
T was carried out as described [23] and the DNA sequence was uploaded to GenBank/EMBL/ DDBJ with the accession number PJAI00000000. The 16S rRNA gene sequence was retrieved from the genome sequence and compared to partial 16S rRNA gene sequences of other Colwellia species. The 16S rRNA gene sequences were aligned using the program MAFFT version 7 with the L-INS-I strategy [24] and phylogenetic trees based on the neighbour-joining, maximum-parsimony and maximumlikelihood algorithms were built using MEGA software (version 7.0.20) [25] (Fig. 1) . The tree topologies were evaluated using bootstrap analyses of 1000 resampled datasets (Fig. 1) . Genomic relatedness was investigated by comparing the strain A3
T genome sequence with other genomic sequences of type strains of Colwellia using the Genome-Genome Distance Calculator (GGDC) in an online program at http:// ggdc.dsmz.de/distcalc2.php using the alignment method BLAST+ and formula 2 for incomplete genome sequences [26, 27] . The average nucleotide identity (ANI) was similarly calculated using an online server at the Kostas Lab, http:// enve-omics.ce.gatech.edu/ani/. The DNA G+C content, determined on the RAST webpage (http://rast.nmpdr.org), was 36.9 mol%.
Growth physiological features of strain A3
T and other Colwellia species are listed in Table 1 (Table S1 , available in the online version of this article). The respiratory quinones of strain A3 T were determined to be ubiquinone 8 (Q-8) (92 %) and Q-7 (8 %), which is in accordance with the quinone composition of other Colwellia species (e.g. C. agarivorans QM50 T , C. aquaemaris S1 T , C. asteriadis KMD 002 T and C. maris ABE-1 T ) reported to have Q-8 as the major respiratory quinone [5, 6, 9, 10] . The major polar lipids of strain A3
T were phosphatidylethanolamine, phosphatidylglycerol and diphosphatidylglycerol (Fig. S1) , which is also the case for other Colwellia species (e.g. C. agarivorans QM50 T , C. mytili RA2-7 T and C. sediminilitoris YSM-23 T ) [3, 9, 15] . Cells of strain A3 T were Gramreaction-negative, straight or irregularly shaped rods (approx. 0.5Â2 µm) with a polar flagellum (Fig. S2) . Colonies of strain A3
T were circular and convex with a mucoid consistency when grown on MA. The presence of holes under and around colonies cultivated on media solidified with either agar or k-carrageenan revealed the expression of agarase and k-carrageenase activity. Continued growth eventually resulted in complete liquefaction of the agar and carrageenan gel matrices.
In addition, strain A3
T hydrolysed AZCL-amylose, but not AZCL-galactomannan, -arabinan, -xylan, -casein or -cellulose.
Strain A3
T was able to utilize D-glucose, maltose, D-galactose, amylose and sucrose, but not lactose. Of the plant-derived polysaccharides, utilization was observed on starch and pectin and to a limited extent on xylan, but not on galactomannan or cellulose. Strain A3
T was able to utilize the complex algal polysaccharides agar, agarose, k-carrageenan, alginate and laminarin as a sole carbon and energy source, but not i-carrageenan, furcellaran or fucoidan.
The following tests were positive for all reference strains: motility, catalase and oxidase activity, nitrate reduction, alkaline phosphatase, esterase (C4; weakly) and esterase lipase (C8; weakly). The following API ZYM tests were all negative: cystine arylamidase, a-galactosidase, b-galactosidase, bglucuronidase, a-glucosidase, a-mannosidase and a-fucosidase. The following API 20NE tests were all negative: indole production, fermentation of D-glucose, arginine dihydrolase, gelatin hydrolysis, assimilation of L-arabinose, D-mannose, capric acid, adipic acid, citrate and phenylacetic acid. Cells were resistant to penicillin G (24 g ml Phylogenetic analyses of 16S rRNA gene sequences showed that strain A3
T was distantly related to other Colwellia species ( Fig. 1) with 97.5 % similarity to C. asteriadis KMD
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T and C. psychrerythraea ATCC 27364 T , 96.8 % similarity to C. maris ABE-1 T , and 96.7 % similarity to C. piezophila Y223G
T . The ANI and GGDC values for strain A3
T when compared to other Colwellia species were less than 78.6 % and less than 23 %, respectively (Table S2 ). For species delineation, ANI values of 95-96 % and GGDC values of 70 %, respectively, are normally accepted [28] [29] [30] . In conclusion, phenotypic analyses and phylogenetic characterizations using 16S rRNA gene sequences together with whole genome pairwise comparisons show that strain A3 T represents a novel species of the genus Colwellia, for which the name Colwellia echini sp. nov. is proposed.
DESCRIPTION OF COLWELLIA ECHINI SP. NOV.
Colwellia echini (e¢chi.ni. L. gen. n. echini of/from a sea urchin).
Cells are Gram-reaction-negative, facultatively anaerobic and rod-shaped, approximately 0.5 µm in diameter and 1-2 µm in length, and motile by means of a single polar flagellum. Colonies on MA are circular and convex with a mucoid consistency. Growth is observed from 5 to 25 C with an optimum at 20 C, at pH 7 to pH 9 with an optimum at pH 7, and with 1-6 % (w/v) NaCl. Catalase-and oxidase-positive. Alkaline phosphatase, acid phosphatase and naphthol-AS-BI-phosphohydrolase activities are present. A weak positive reaction is seen for esterase (C4), esterase lipase (C8) and leucine arylamidase, whereas negative reactions are found for lipase (C14), valine arylamidase, cystein arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-glucuronidase, a-glucosidase, N-acetylglucosaminidase, a-mannosidase and a-fucosidase. According to API 20 NE tests, nitrate is reduced to nitrite, and urease, b-glucosidase and b-galactosidase activity are observed, whereas negative reactions are found for indole production, fermentation of D-glucose, arginine dihydrolase and hydrolysis of gelatin. Utilizes D-glucose, D-mannitol, N-acetyl-glucosamine, maltose, gluconate (weak) and malic acid (weak), but not 
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